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ABSTRACT
A survey of water-filled treeholes in Cook Forest State 
Park, Pennsylvania, revealed that contained Algophagus
pennsylvanicus. A similar survey in southwestern and eastern 
Virginia, however, indicated a patchy distribution in this re­
gion with few treeholes containing this species. Investigations 
on feeding behavior were carried out by rearing mites on leaves 
as well as on various microbial isolates from treeholes (fungi, 
actinomycetes, bacteria). The ability to develop to adulthood 
and to reproduce was used as a measure of success. Mites were 
reared most successfully on fungi. Scanning electron micro­
scopy of leaf surfaces on which mites had grazed revealed only 
small amounts of fungi when compared to controls, and scanning 
electron micrographs of mouthparts revealed adaptations for 
grazing. Therefore, A. pennsylvani cus feeds by grazing on 
fungi, in contrast to Naiadacarus arboricola, another mite 
inhabitant that feeds on decomposing leaves within the treeholes.
NOTES ON THE BIOLOGY OF 
ALGOPHAGUS PENNSYLVANICUS 
AN AQUATIC WATER-FILLED 
TREEHOLE MITE
Chapter 1
Introduction to the treehole habitat
Varga (1928, cited in Kitching 1971) coined the term phytotelmata
to refer to "plant waters", and Kitching (1971) presented an outline of
the various categories of phytotelmata. Kitching (1971) listed two
major divisions: plant secretions on or within plant body parts (e.g.,
pitcher plants) and those phytotelmata containing rain water (e.g.,
treeholes, brcmeliads, etc.). The most common type utilizing rainwater
are water-filled treeholes - any cavity or depression (e.g., leaf axils,
bracts, and stem holes) existing on the tree and capable of collecting
and retaining rain water. Water-filled treeholes are the predominant
phytotelmata in temperate latitudes. In the United States and Europe,
treeholes are found in most species of deciduous trees as well as some
conifers, and they provide discrete habitats, especially for certain
larval insects. Treeholes can be characterized as pans or rot-holes
(Kitching 1971). Pans have an unbroken bark lining and are most often 
formed by the growth form of the plant body (e.g., buttress roots or the
divergence of limbs from the main trunk), whereas rot-holes lack the
bark lining and thus have a layer of decomposing wood. Rot-holes
generally result from a wound or injury to the tree. Once rot-holes
have been initiated, they may either enlarge through decomposition or
decrease in size via callus tissue formation by the tree.
r t
Generally, treehole communities are simple in both species
*
composition and energy flew (Fish and Carpenter 1982). Ihe primary
input of food supply and energy flew for the treehole community is from
the autumn shedding of leaves - leaves are collected in treeholes as
they fall from the trees. Several layers or microhabitats are therefore
established within the treehole for occupation by treehole residents.
The uppermost layer consists of the air-water interface, and belcw this 
is a layer of most recently added leaves that are in the initial stages
of decay. Most of the macroinvertebrates are located at this second
level. Belcw the decaying leaf litter is leaf mould, i.e., leaf
material in the more advanced stages of decomposition, primarily being
attacked by bacteria. If the treehole lacks a bark lining, it will have
an additional lower layer of decomposing sapwood (Kitching 1971, Sncw
1958). The lewer levels of treeholes are largely unsuitable for
macroinvertebrate habitation due to anaerobic conditions.
As trees lose their leaves in the autumn, some leaves are blcwn or 
fall into treeholes. Generally, at this time of year, low temperatures 
prevent treehole organisms from utilizing this large influx of food 
(Fashing 1975A). In spring, with warmer temperatures and conditioning 
of leaves via microbial action, treehole residents are able to directly 
or indirectly use the leaf litter as an energy source. Population
numbers then increase rapidly, until the leaf supply has been depleted 
in mid- to late August (Fashing 1975A). Thus leaves that enter the 
treehole in fall are the primary source of energy input for the entire 
year.
Microorganisms are essential to the treehole community in the areas 
of detritus cycling and are capable of increasing the nutritional value 
of the leaf litter for the macroinvertebrates (Suberkropp and Klug
1976). Low water temperatures in fall and winter retard microbial 
attack on leaf material on a large scale. As temperatures increase in 
the spring, fungi will be the first to attack the leaf litter. They are 
considered to be more "invasive" than bacteria because of their ability 
to synthesize extracellular enzymes, (pectinases and cellulases) 
(Suberkropp and Klug 1976). Most of the fungi that attack leaves in an 
aquatic environment are hyphonycetes - a group of fungi for which 
extracellular enzyme production is well documented (Kaushik and Hynes 
1971). Sane of the major fungal hypharycete genera that Suberkropp and 
Klug (1976) found to be important in oak and hickory leaf decomposition 
include aquatic forms (e.g., Anquillospora, Flaqellospora, Alatospora, 
Tetradadiurn, and Clavariopsis) and terrestrial forms (e.g., Fusarium 
and Penicillium).
The extension of fungal hyphae from the leaf is suitable for 
grazing organisms. The activity of fungi and macroinvertebrates 
increase the surface area of leaf material for bacterial invasion. The 
release of greater amounts of organic compounds into the media coincides 
with this activity. As leaves become more "colonizable" for bacteria, 
an increase in bacterial numbers is accompanied by a decrease in fungal 
population numbers (Suberkropp and Klug 1976). Some of the major 
bacterial genera found to be important fcy Suberkropp and Klug (1976) in 
the decomposition of oak and hickory leaves in an aquatic environment 
are Flavobacterium, Pseudomonas, Achranobacter, Flexibacter,
5Acinetobacter* and Chromobacteri urn. Thus it appears that fungi are 
important in the initial stages of leaf decomposition and bacteria are 
important in terminal stages of leaf decay.
Various leaf species differ in chemical composition (e.g., the 
amount of lignins, tannins, etc.) which in turn influences the type of 
microbial growth the leaf species can support. Therefore, leaf 
palatability for macroinvertebrates depends on the fungal complex that 
attacks the leaf. Kaushik and Hynes (1971) state that the protein 
content of leaves can double depending on fungal growth. Therefore, 
food preferences of detritus feeders is dependent not only on the leaf 
species and the particular stage of decay, but also on the fungal 
species which may enhance palatability of a particular leaf species.
The fauna most often found in treeholes has been classified by 
Rohnert (1950, cited in Kitching 1971) as accidental introductions 
(e.g., copepods, protozoans); frequent inhabitants (although not 
obligatory), and obligatory inhabitants (those organisms that have 
formed a specific association with the treehole and other treehole 
inhabitants). Residents of treeholes must be capable of resisting 
extreme periods of dryness and lew temperatures as well as rapid 
environmental fluctuations in pH and solute concentration. They must 
also be capable of multiplying rapidly in times of favorable conditions. 
Perhaps most importantly, treehole organisms must have a reliable means 
of dispersal from one treehole site to another. In the United States, 
the treehole fauna consists primarily of larvae from the dipteran 
families Chironcmidae, Ceratopogonidae, Culicidae, and Syrphidae; the
6coleopteran family Helodidae; and the acarine families 
Histiostcmatidae, Algophagidae and Acaridae (Table I). Most treehole 
invertebrates are detritus feeders (saprophagous) or obtain most of 
their nutrition by feeding or grazing on microorganisms - the treehole 
community does not support mary predators.
With the exception of the mosquitoes, little is known concerning 
the biology of most species of invertebrates inhabiting water-filled 
treeholes. This is especially true for the mites - only Naiadacarus 
arboricola has been studied in much detail (Fashing 1975A, 1975B, 1976,
1977). The present investigation is a contribution toward the basic 
biology of a mite, Algophagus pennsylvani cus. and covers feeding 
behavior, a description of the immature instars and notes on its general 
biology.
Table I. Arthropod families found in water-filled treeholes
(adapted from Fashing, 1975A)
Diptera
Ceratopogonidae
Psychodidae
Culicidae
Syrphidae
Coleoptera
Helodidae
Acarina
Anoetidae
Algophagidae
Acaridae
Chapter 2: The food source of Algophagus pennsylvanicus
Introduction
Water filled treeholes provide a unique habitat for a number of 
different organians, some of which are obligatory inhabitants (Chapter 
1). The major energy source for treehole communities is the input of 
leaves during the autumn shedding. The treehole community may therefore 
be considered a detritus based community since most inhabitants rely 
directly or indirectly on this energy source (Fish and Carpenter 1982).
In a detritus based system, there are two major functional feeding 
groups with respect to macroinvertebrate detritus feeders: grazers and
shredders (Cummins and Klug 1979, Bariocher and Kendrick 1973). Most of 
the invertebrates inhabiting treeholes may be categorized in one of 
these two groups. The most common form is the shredder which will bite 
or tear apart the leaf material and ingest it along with the 
accompanying microbes. Grazers scrape the surface of leaves, removing 
and ingesting the extending fungal hyphae, fruiting parts, and bacterial 
colonies.
Three species of acari have been found to inhabit water-filled 
treeholes in the eastern United States: Naiadacarus arboricola Fashing,
8
9Homosianoetus mallotae (Fashing), and Algophagus pennsylvanicus Fashing 
and Wiseman (Fashing 1973, 1974; Fashing and Wiseman 1980). The dual 
occurrence of N. arboricola and A. pennsylvani cus within treeholes is 
common in areas of sympatry. All three species ra^ be found in the same 
treehole although such incidences are rare. Naiadacarus arboricola is a 
leaf shredder (Fashing 1975A), whereas H. mallotae does not feed on 
detritus directly, but, like most members of the family 
Histiostanatidae, is a filter feeder gathering microorganisms from the 
water (Krantz 1978, O* Connor 1982). Little has been published 
concerning the feeding behavior or the food source of members of the 
family Algophagidae, the family in which the third species of treehole 
mite, A. pennsylvani cus. is placed. In describing the genus 
Algophagus. Hughes (1955) coined the generic name in reference to the 
fact that A. antarcticus. the type species, was found only on algae in 
freshwater pools in the subantarctic. Frcm this association, she 
speculated that the mite must be feeding on algae. A related genus, 
Algophagopsis. was described from freshwater algal mats in a river in 
California (Fain and Johnston 1975), but again, it would be speculation 
to conclude that it is an algal feeder. Goddard (1982) performed the 
only detailed laboratory and field observation involving feeding 
behavior of any member of this family. He studied the contents of the 
food boluses within Neohyadesia signyi Hughes and Goodman collected frcm 
brackish pools of the subantarctic. These food balls were composed 
primarily of diatcms, unicellular algae, and filamentous algae. 
Kitching (1982), in studying the fauna of water-filled treeholes in 
Australia, found a new genus of algophagid which is still undescribed. 
He states "These mites occur in the detritus layer of the treeholes and,
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on the basis of information on other members of the family elsewhere, 
are considered to be saprophages exploiting the small particle component 
of the resource". He provides no references to support the detritus 
feeding behavior of this species, and the above references to Hughes 
(1955) and Goddard (1982) remain the only papers that discuss the 
feeding behavior of a member of this family. It appears, therefore, 
that the nature of the food source for any member of the Algophagidae, 
other than Neohyadesia, has not been established. Hie present paper 
reports on the probable food source of Algophagus pennsylvani cus, an 
inhabitant of water-filled treeholes in eastern North America.
Methods and Materials
Determining a potential food source. Algophagus pennsylvani cus was 
collected in the field along with samples of treehole water and leaf 
litter. Hie mites were initially raised in the lab on various species
of pre-soaked dried leaves, but all of these proved to be an inadequate
food source. Mites were then reared on various microbial isolates from 
stock cultures to determine a better food source. Hie isolates were 
obtained frcm stock cultures by drawing up one milliliter samples of 
treehole water with sterile pipettes and plating on different types of 
media (potato dextrose agar- PDA, corn meal agar- CMA, and 1/2 yeast 
extract, phosphate, soluble starch, and sulfate media- 1/2 Yp Ss). 
Samples were taken from the upper surface of the water, the leaf
surface, the central area between the leaves, and the bottcm of the
culture dish below the leaves. Microbes isolated from these four
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different areas within the stock culture included fungi, actinonycetes, 
and bacteria. The microbes were tested as a potential food source by 
placing a two centimeter square piece of cut agar with a particular 
microbe growing on the surface of a particular medium into a small 
Syracuse watch glass filled with dechlorinated water. A control using 
agar with no microbes present was also established. Ten mites at 
various stages of development (larva through adult) were placed in each 
of the eleven dishes. The dishes were checked daily at approximately 
the same time for condition and extent of microbial growth as well as 
for growth, molting and size of the mites. The ability to grew and to 
reproduce was used as a measure of success on a particular microbial 
culture.
Comparison of feeding behavior of Naiadacarus arboricola and
Algophagus pennsylvanicus. Several experiments were done to 
qualitatively compare the feeding behavior of Naiadacarus arboricola 
with that of Algophagus pennsylvanicus - both coinhabitants of the same 
treehole systems and often found on the same leaves within a treehole. 
Water samples were taken from two treehole samples that consisted
exclusively of an abundant population of N. arboricola and frcm two
treehole samples that contained large populations of predominantly A. 
pennsylvanicus. The samples were plated separately on PDA and the four 
petri plates were compared on the basis of the amount and type of
microbial growth.
Additional evidence for the differences in feeding habits was 
obtained fcy comparing the contents of fecal pellets from each species of
12
mite. Naiadacarus arboricola and A. pennsylvanicus were removed frcm 
the same stock culture and placed in separate containers of distilled 
water. Hie fecal pellets excreted were plated on EDA agar, and the 
resultant microbial growth compared.
A comparison of leaves from cultures containing the two species 
provided additional evidence for the different feeding behaviors of A. 
pennsylvani cus and N. arboricola. Six Syracuse watch glasses were set 
up containing approximately two centimeter square sections of maple 
leaves in dechlorinated water. Ten individuals frcm each species were 
placed in two separate dishes, and fifteen or twenty individuals from
each species in two other dishes. The two remaining dishes were used as
controls. These cultures were examined periodically over a period of 
forty days. The number of adult and immature mites present, as well as 
the number of dead mites were recorded. The percentage of leaf
skeletonization and the amount of fungal grcwth was also recorded. At 
the end of the forty day period, the mites were removed and the leaf 
section in each container was photographed through a dissecting 
microscope to show the condition of the leaves. In addition, the leaf 
material from each container was examined using scanning electron 
microscopy. Scanning electron micrographs were obtained for each of the 
experimental situations containing A. pennsylvani cus as well as for the 
controls to determine the differences in fungal grcwth on the leaf 
sections.
Finally, the mouthparts of N. arboricola and A. pennsylvanicus 
were compared using both light and electron microscopy, and any
13
differences between the two were noted.
Results and Discussion
In the experiments testing bacteria, actinomycetes, and fungi as 
potential food sources, the mites did poorest on the bacteria - none 
made it to adulthood in the three week period. The same was also true 
for the mites when reared on actinomycetes, however, immature instars 
lived longer than those of mites placed on bacteria. Mites were reared 
most successfully on fungi; immatures progressed to the adult instar 
and were able to reproduce. The mites were more sucessful on Fusarium 
oxysporum (Schlect. emend Snyder and Hansen) than on other types of 
fungi. The controls established with each media were contaminated with 
fungi, probably originating from fungal spores carried on the mites or 
within the digestive tracts of the mites, even though the mites were 
placed through a series of distilled water dishes in an attempt to dear 
them internally and externally before placement on the control agar. 
They could not, therefore, be used as controls as intended for this 
experiment. It is unlikely , however, that mites are capable of growing 
and reproducing on pure media.
Fungal cultures started frcm water samples from treeholes 
containing only N. arboricola showed distinct differences from those 
containing predominantly A. pennsylvanicus. The most fungal grcwth was 
obtained frcm water samples of the two N. arboricola dishes, and a 
green fungus or mold with abundant hyphae was the primary form of
growth. In addition, there were orange pigmented fungal colonies and 
golden brown fungal colonies - few bacterial colonies were present. 
There was a striking difference in the petri dishes plated from A. 
pennsylvani cus cultures. Colonies were primarily actinomycetes and 
bacteria with an obvious absence of any hyphal structures. Most of the 
colonies were white or creamy, and were smooth with a slimy appearance. 
Perhaps A. pennsylvanicus grazing on the fungi kept the fungal 
populations low enough so that it was difficult to pick up fungi in 
water samples taken with a pipette.
Dramatic differences were obtained in microbial grcwth from fecal 
pellets of the two genera. Fecal pellets of A. pennsylvani cus gave 
rise to growth of a thin fungal mat with white hyphae which produced a 
purple pigment on the agar (very similar to FusariunO. In addition, 
there were a few small orange-yellow bacterial colonies. In the case of 
N. arboricola fecal pellets, a dark green or black fungus with a very 
thick mat of grayish hyphae was initiated. The fungus had dark black 
fruiting bodies. Hie differences in the types of grcwth on the plates 
is indicative of the difference in gut contents and subsequent fecal 
pellets between N. arboricola and A. pennsylvanicus. Sterile, aseptic 
techniques are required to determine the precise role of fungi as the 
sole or primary diet of A. pennsylvani cus. The artificial diet 
presented to A. pennsylvanicus in the form of F. oxysporum is only an 
estimate of what the natural diet may be conposed of in the treehole 
environment.
Further evidence of fungal grazing by A. pennsylvanicus is
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provided by comparing leaves on which the mites were reared with leaves 
used as controls. Both light microscopy' and scanning microscopy 
revealed little fungal growth on those leaves on which A. 
pennsylvani cus had been feeding. Hi ere was no apparent skeletonization 
of the leaves. In the controls large fungal mats were seen (Fig. 1). 
In the N. arboricola dishes, eighty-five to ninety-five percent of the 
leaf material had been skeletonized(Fig. 1). Hiis evidence supports 
the hypothesis that N. arboricola and A. pennsylvanicus have different 
methods of feeding: A. pennsylvani cus is a fungal feeder and grazes,
and N. arboricola is a shredder and feeds on leaf material as well as 
microbes by skeletonizing leaves within treeholes.
The structure of the mouthparts of grazers, shredders, and filter 
feeders is often indicative of feeding behavior. Hormosianoetus 
mllotae, described elsewhere (Fashing 1973), have serrated chelicerae 
with 18 - 20 small teeth and several fingerlike projections effective in 
collection of suspended particulate matter in the water. In both N. 
arboricola and A. pennsylvanicus. the chelicerae are chelate. However, 
the chelicerae of A. pennsylvani cus suggest an adaptation suitable for 
scraping and gathering fungi along leaf surfaces. Light and scanning 
electron microscopy of the mouthparts show long, slender chelicerae 
curved inward toward the tips, with the tips serrate or rake-like 
(Figure *2.). Hie long chelicerae have fewer teeth in comparison to the 
stocky, massive chelicerae of those mites that chew and cut leaf 
surfaces such as N. arboricola (Fig. 3).
In conclusion, the feeding mechanisms of the three mite species
Figure 1A. Light photographs of leaves with fungal 
mat growth; controls with no mites reared on the 
leaf sections. Scanning electron micrographs 
of control leaf sections with fungal mat.

Figure IB. Light photographs of leaf sections grazed 
upon by Algophagus pennsylvanicus.

Figure 1B(continued). Scanning electron micrographs of 
leaf sections grazed upon by Algophagus pennsvlvanicus.

Figure 1C. Light photographs of skeletonised leaf 
section fed upon by Naiadacarus arboricola.
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Figure 2A. Scanning electron micrographs of the 
chelicerae of Algophagus pennsylvanicus .
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Figure 2B. Dorsal view of the chelicerae of Algophagus 
pennsylvanicus. Side view of the chelicerae of Algophagus 
/pennsylvanicus.


Figure 3* Chelicerae of* Naiadacarus arboricola 
(side view).

31
(X>inhabiting the water-filled treeholes are different. Naiadacarus 
arboricola is a shredder and feeds by skeletonizing the decomposing 
leaves in the treeholes. Alcophaqus pennsylvanicus is a fungal feeder 
and grazes on the surfaces of leaves. Hormosianoetus mallotae is a 
filter feeder. In each case, the mouthparts are particularly adapted to 
and reflect the specific feeding behavior.
Chapter 3: Notes on the biology of Alaophaous pennsylvanicus
Introduction
In 1980, Fashing and Wiseman described a new species of 
Algophagidae, Alcophaaus pennsyIvanicus, from specimens collected from 
water-filled treeholes in Western Pennsylvania. Little is known 
concerning the life history of any manber of the Algophagidae, and 
nothing is known concerning the basic biology of A. pennsylvanicus. 
Hie present section discusses the life history of A. pennsylvanicus 
when reared on Fusarium oxysporum (Schlect emend. Snyder and Hansen) 
and on leaves. The results of a survey of water-filled treeholes in 
Western Pennsylvania and Southeastern and Eastern Virginia are also 
discussed.
Materials and Methods
Treehole Survey. A survey of water-filled treeholes was conducted 
in Cook Forest State Park, Pennsylvania in June, 1982. Additional 
surveys were conducted in Eastern and Southwestern Virginia in the 
following four locations: the College of William and Mary Woods,
Williamsburg (June, 1982); Waller Mill Park, Williamsburg (June, 1982); 
Chestnut Ridge, Roanoke, Virginia (July, 1982); and Pandapas Pond,
32
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Blacksburg, Virginia (July, 1982). Samples collected frcm water-filled 
treeholes included leaf litter, water, and any organisms on the leaves 
or in the water. Individual samples were kept in separate jars with 
loose caps to allow for air exchange. The approximate size of the 
treehole, its location on the tree, and the species of tree was noted 
for each sample. In addition, the pH of the water, the abundance of 
leaves and the presence or relative abundance (scale of 0.0 to 4.0) of 
two aquatic treehole mite species, Naiadacarus arboricola and Algophaous 
pennsylvani cus. were recorded. The ranges and means of the water pH 
were calculated, and the percentage of trees containing N. arboricola 
and/or A. pennsylvanicus was determined.
Samples from treeholes containing a great abundance of only N. 
arboricola or A. pennsylvani cus were kept separate to be used as 
individual stock cultures for the respective species of mite. These 
stock cultures were maintained for the duration of the research by the 
addition of dechlorinated water and pre-soaked dried leaves at 
intervals.
Life history experiments. To gain insight into the biology of 
Alaophacrus pennsy lvanicus. preliminary life history experiments were 
conducted using leaves of several tree species as substrates on which to 
grow the mites. The leaves were collected in the fall when they were 
ready to drop from the trees, stored until needed, and soaked in water 
prior to use. The tree species tested individually included the leaves 
of beech (Fagus crrandifolia) , maple (Acer species), oak (Quercus 
species), sassafras (Sassafras albidum), and tulip (Liriodendron
3^
tulipifera). In addition, a combination including all of of these 
leaves was used. Leaf sections of approximately one square centimeter 
were placed in small Syracuse watch glasses approximately two 
centimeters in diameter, and each dish was filled with dechlorinated 
water. Individual mite larvae were obtained by placing five to ten 
females in a small Syracuse watch glass with three to five males. This 
source dish was checked daily, and the larvae produced were removed and 
put into the rearing dishes. Thus, each larva was less than twenty-four 
hours old when transferred. Each rearing dish contained eight larval 
mites and was checked daily to determine the instars present, the 
comparative sizes of immature instars and whether or not mites were on 
or off the leaf sections. A rough estimate of the best leaf type to use 
as a rearing substrate was determined by observing the size of the 
immature instars, presence of food boluses in the gut, amount of time 
spent on or off the leaf material, and the length of the immature 
stages.
Once maple leaves were determined to be most favorable of the leaf 
types, a cohort of sixty-four larvae was raised on individual maple leaf 
sections. Individual rearing dishes were approximately one centimeter 
in diameter and three-fourths of a centimeter in depth. Each of these 
individual rearing dishes contained a centimeter square maple leaf 
section and was filled with dechi or inated water. A single larva, less 
than twenty-four hours old, was placed in each dish. Groups of twenty 
of these dishes were numbered to keep track of individual mites, placed 
together in a covered petri dish, and maintained at twenty-five degrees 
centrigrade. The dishes were checked daily at approximately the same
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time for presence of food boluses within the mite, presence of mite on 
or off the leaf, and to determine the immature instar. Upon reaching 
adulthood, female mites were presented with males. Any offspring 
produced were counted and removed from the dishes on a daily basis.
Previous research demonstrated that &. pennsylvani cus was reared 
most successfully on fungi, and in particular Fusarium oxysporum Schlect 
(Chapter 2). Therefore, F. oxysporum was used as a food source for 
additional life history experiments. The same experimental design used 
with maple leaves was used in these experiments, except small sections 
(approximately one centimenter) of agar with fungus growing on their 
surfaces were placed in the individual rearing dishes instead of maple 
leaves. Three separate life history experiments were run at different 
times using F. oxysporum as a food source and are designated below as 
Run 1, Run 2, and Run 3. In addition, notes were taken on the general 
biology of A. pennsy lvanicus.
Sex ratio, length of immature stages, prelarviposition, 
postlarviposition, and fecundity were determined, and a life table 
constructed for each of the rearing experiments. Life history 
parameters calculated include the survivorship values (lx), fecundity 
values (mx), the intrinsic rate of increase (r), net reproductive rate 
(Ro), and the mean generation time (T) (calculations based on Birch 
1948).
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Results and Discussion
In the survey at Gook Forest State Park, Pennsylvania, treehole 
samples were taken from sixty-one trees (Table II). Treeholes were 
primarily located in oak and beech trees (70 % and 23 % respectively).
Fifty-four % of all treeholes surveyed contained A. pennsylvani cus and 
92 % contained N. arboricola (N. arboricola was absent in three
treeholes). Of the 46 treeholes surveyed in Eastern Viginia
(Williamsburg) and Southwestern Virginia (Roanoke and Blacksburg), only 
three individual A. pennsylvani cus mites were found and these were in 
two treeholes near Williamsburg (Table III). A mating pair was fbund in 
a beech treehole and an immature in a hickory treehole. Naiadacarus 
arboricola hcwever, was found in 74 % of the treeholes.
In Gook Forest the treehole water pH ranged from 3.71 to 8.23, with
an average of 5.3. Alaophaaus pennsylvani cus was found in trees with a
pH range of 3.95 to 8.23. The two Williamsburg treeholes from which A. 
pennsylvani cus was collected had pHs of 6.52 and 6.83. In the College 
Woods of William and Mary and Waller Mill Park, the average treehole 
water pH was 6.4 and 5.7 respectively; in Roanoke the average pH was 
7.07 (highest recorded in this study), and at Pandapas Pond in 
Blacksburg the average pH was 6.9. There seems to be little or no 
effect of pH on the distribution of A. pennsy lvanicus among treeholes.
Treehole sizes were classified as small (< 15 cm in width and
depth), medium (15 - 30 cm in width and depth) , and large (> 30 am in
width or depth) based on Kitching (1971). Algochacais pennsylvani cus was
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Figure 4. Typical life cycle of a nonparasitic astig- 
matid mite.
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found in a wide range of treehole sizes; however, the medium sized 
treeholes (15 - 30 cm) were represented most often among the treeholes
with A. pennsylvanicus. The amount of food supply within the treehole 
was designated as absent, rare, common or abundant, depending on the 
amount of leaf material in the treehole. The relative amount of leaf 
material did not seem to correlate with the presence or absence of A. 
pennsylvani cus. However, it should be mentioned that in the three cases 
where A. pennsylvanicus was the only mite species present in a 
treehole, there was no substantial leaf litter or fragments in the 
treehole. Also, in both of the treeholes in Williamsburg from which A. 
pennsylvani cus was collected, leaf detritus was minimal. It is of 
interest to note that the three species of aquatic treehole mites (A. 
pennsylvani cus. N. arboricola, and H. mallotae) were coinhabitants of 
the same Carya (hickory) treehole.
The typical life cycle for non-par as i ti c astigmatid mites includes 
the following developmental stages (Figure 4): egg, larva, deutonymph,
txitonymph, and adult (Krantz, 1978) Each of the stages is separated by 
a quiescent period, during which molting takes place. The quiescent 
period in A. pennsylvani cus was found to be less than twenty-four hours 
between each of the instars at twenty-five degrees centrigrade. In most 
cases, the life cycle of an astigmatid mite includes a heteromorphic 
deutonymph (hypopus) as the dispersal stage. The deutonymph is a 
heavily sclerotized, nonfeeding stage in which the mite has specific 
adaptations (ventral sucker plates and modified tarsal setae) for 
attachment to a host on which it is phoretic. Hormosianoetus mallotae 
and N. arboricola. the other two treehole inhabiting mites, both have
^6
deutonymphal stages and utilize adult syrphid flies of the genus Mallota 
as hosts (Fashing 1976). These syrphid flies oviposit in the treeholes 
and their larvae develop there. Adult flies are present only in May and 
June, a time coinciding with the presence of deutonumphal instars of 
both N. arboricola and H. mallotae. No deutonymphal instar has been 
found to date for A. pennsylvani cus. and its means of dispersal is 
unknown.
In the case of all three aquatic treehole mites, the females are 
larviparous and deposit the larva on the substrate (Fashing 1973, 1975A; 
Fashing and Wiseman 1980). The eggs are therefore protected within the 
female until they hatch. In the treehole environment, with 
predominantly leaf shredders and grazers as inhabitants, a mite egg 
could easily be scraped off and ingested (Fashing 1975A).
In attempting to determine the best food source for A. 
pennsylvani cus. the success of the mites on the leaves of various tree 
species was determined fcy mite size, developmental time, and the ability 
to reach adulthood and reproduce. The food preferences of the mites 
with respect to leaf type was found to be as follows: sassafras < oak <
beech, tulip < maple.
In the life history experiment using maple leaf sections as a food 
source, there was an 80 percent mortality in the immature stages (Table
IV). Out of the sixty-four larvae, seven females and five males made it 
to adulthood. The mean developmental period fran larva to adult was 
significantly different for males and females (43.8 and 25.1 days
Table IV. Percent mortality in immature stages of A. pennsylvanicus 
when reared on different food sources (25“ C ) .
Food 
source
larva protonymph tritonymph total percent 
mortality
Leaves
n=61
16.39 31.15 32.78 80.32
Fungus Run 1 
n=36
Fungus Run 2 
n=30
13.89
6.67
8.33 5.56
protonymph/tritonymph* 
10 .00
27.78
16.67
Fungus Run 3 
n=28
14.28 14.28 28.56
*The protonymph and tritonymph mortality data were combined in 
Fungus Run 2 and Fungus Run 3 because of the difficulty in 
observing the quiescent periods between molts and thus distinguishing 
protonymphs from tritonymphs.
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respectively, p < 0.005). Also, the mean number of days required to 
reach adulthood do not overlap for males and females. In each case, 
there was a great deal of variation around the mean (S.D.= 7.82 and 7.55 
for males and females respectively). The mean total length of life for 
adult females was 43.5, and the average duration of various periods were 
as follows: prelarviposition - 7.5 days, larviposition - 7.3 days, and
postlarviposition - 28.8 days (Table V). The mean duration of immature 
instars was as follows: larval period - 7.0 days for males and 6.7 days
for fanales, protonymphal period - 13.6 days for males and 8.1 days for 
females, and tritonymphal period - 23.2 days for males and 10.7 days for 
females (Table VI).
In Run 1, Run 2, and Run 3 of the life history experiments using 
Fusarium oxvsporum as the food source, the immature mortality was 28 %, 
17 % and 29 % respectively. The mean development time from larva to 
adult overlapped between males and females in each Run and between the 
Runs (Figure 5). The mean number of days to adulthood were 21.2, 17.7,
and 14.6 for the females and 15, 18.1, and 12.8 days for the males. 
Developmental time frcm larva to adult was not only longer in the leaf 
experiment than that of any of the fungal runs, but also had a great 
deal more variation around the mean. In Figure 5 of the developmental 
time from larva to adult, the three fungal runs are grouped together at 
the lower end of the scale in days. The average prelarvipositional time 
was approximately six days, larvipositional about ten days, and 
postlarvipositional time five to seven days in the fungal runs (Table
V).
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Figure 5- Development time from larva to adult for 
Algophagus pennsylvani cus reared on leaf sections and 
fungus (replicate experiments Runs 1 - 3)*
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The values for the intrinsic rate of natural increase, 
survivorship, age specific fecundity, net reproductive rate and mean
generation time were derived and are given in Table X. Hie lx gives the 
probability at the birth of an individual of being alive at age x. Hie 
survivorship curves (Figures 6) in the life history experiments are 
between Type I and Type II (Deevey 1947). A Type I curve represents a 
cohort of individuals born at the same time and die more or less 
simultaneously. In a population with a Type II survivorship curve, 
there is a constant mortality for all age groups. The cohort of mites 
feeding on the leaf material have much greater longevity (fourteen 
weeks) , although few individuals reached adulthood. Most of the 
individuals of the fungal run cohorts died at the seventh or eighth 
week, thus completing their life cycle much faster (Table VII, Figure 
6). In addition a higher percentage of these individuals reached
adulthood and reproduce (72, 83, and 71 % respectively for Run 1, 2, and 
3).
Age specific fecundity (mx) is the mean number of female offspring 
produced per unit of time fcy a female aged x. Hie maximum age specific 
fecundity occurred at 35 days (mx=0.21) in the leaf experiment, 24 days 
in Run 1 (mx=0.40), 29 days in Run 2 (mx=0.81) and 34 days in Run 3
(mx=0.70) (Table VIII, Figures 7 - 10). The age specific fecundity of
the fungal runs reached consistently higher values earlier in the
reproductive period of the fanales (days 11, 4, and 13 vs. 15).
The greatest average number of larvae produced per day of 
reproductive period was 1.90 by a female in Run 3. Run 1 females
Figure 6 . Survivorship curves of Algophagus pennsylvani cus 
raised on leaf sections and fungus (replicate experiments
Run 1 - 3 )  (age expressed in weeks); (--★ — k - k —  leaves,
 ........  Run 1, -D-o-o-o-a-oro Run 2, -■■ ■ ■ ■■■ Run 3) .
le**es
run I s 
run 2  
run 3
Table VII. Survivorship values for A. pennsylvanicus when
reared on different food sources (leaves vs. fungus).
Age interval lx
(in weeks)
Leaves Fungu s 
Run 1
Fungu s 
Run 2
Fungu s 
Run 3
0 - 1 1.00 1.00 1.00 1.00
1 - 2 0.97 1.00 1.00 0.893
2 - 3 0.87 0.86 0.93 0.893
3 - 4 0.86 0.81 0.93 0.821
4 - 5 0.83 0.72 0.93 0.821
5 - 6 0.73 0.47 0.77 0.786
6 - 7 0.62 0.23 0.43 0.607
7 - 8 0.52 0.07 0.03 0.429
8 - 9 0.43 0.00 0.00 0.250
9 - 1 0 0.20 0.000
10 - 11 0.14
11 - 12 0.08
12 - 13 0.02
13 - 14 0.00
Table VIII- Survivorship and age specific fecundity values for 
A- pennsylvanicus when reared on different 
food sources (leaves vs- fungus).
Age
(in
interval
days)
Food Source
Leaves F ungu s Fungus Fungus
Run 1 Run 2 Run 3
lx mx lx mx lx mx lx mx
19 .841 .143
20 .806 .048 .93 .048
21 .86 .058 .806 .429 .93 -048
22 ■ 86 -038 -806 .450 .93 .238 .821 .238
23 .83 .079 .750 .300 .93 -619 .821 .238
24 -83 .079 -750 .368 .93 -905 .821 .333
25 ■ 83 .000 .722 .444 .93 ■ 667 .821 .476
26 .83 .105 .694 .611 .93 .524 .821 .286
27 -83 .053 .694 .647 .93 .762 .821 .429
28 -83 .053 .667 .529 ■ 93 .524 .821 .350
29 .81 .081 -639 .706 .93 .381 -786 .550
30 .79 .111 .611 .353 .90 .450 .786 .350
31 -78 .057 -556 .118 .90 .200 .786 .300
32 .75 -030 -528 .353 .90 .250 .786 .450
33 .73 .000 .472 • 235 .83 .211 .786 .550
34 .73 .143 -472 .000 .80 -158 -786 .700
35 .73 -212 .389 .059 .77 -263 .786 .350
36 .70 .061 .333 .176 .70 .167 .786 .684
37 .70 • 121 .250 .059 .67 .222 .750 .471
38 .70 -034 -194 .118 .63 .056 -750 .412
39 0-000 0.000 .60 .000 .750 .412
40 .50 .056 .750 .353
41 -50 0.000 .750 -375
42 -679 .063
43 -679 0 .000
*18 days 20 days 21 days 22 days
*The total number of days the females within 
each of the indvidual experiments were producing 
offspring.
Figure 7. Survivorship and age-specific fecundity 
curves for Algophagus pennsylvani cus raised on 
leaf sections (age expressed in days).
1.0 L E A V E S  
r = 0 .0 0 0 7  
T =  3 0 .1 2 1  
R =  1 .0 1 9 4
jC
<AI*o
>
a
CA
Figure 8. Survivorship and age-specific fecundity 
curves for Algophagus pennsylvanicus raised on 
fungus; first fungal replicate experiment (Run 1) 
(age expressed in days).
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Figure 9* Survivorship and age-specific fecundity 
curves for Algophagus ~pennsylvanicus raised on 
fungus; second fungal replicate experiment (Run 2) 
(age expressed in days).
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Figure 10. Survivorship and age-specific fecundity 
curves for Algophagus pennsylvanicus raised on 
fungus; third fungal replicate experiment (Run 3) 
(age expressed in days).
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produced an average of 1.53 larvae per day and Run 2 females produced an 
average 1.38 larvae per day of reproduction. In the leaf experiment, 
the average number of larvae per day of reproduction was 0.389. It 
should be noted that out of seven female mites, three produced no larvae 
when paired with a male mite. Hie maximum number of larvae produced in 
a single twenty-four hour period was four in each of the life history 
experiments.
The 1 rf represents the rate of increase of a population with 
constant age schedules of fecundity and mortality, and it incorporates 
natality, mortality, and a stable age distribution. The finite rate of 
natural increase (X) indicates the number of times a population is 
capable of increasing within a pivotal time interval; in this case, a 
week. Algophacrus pennsylvanicus had a greater potential for increase 
when reared on fungal substrate (X=l.3722,1.5950,1.5356 vs. 1.0049). 
Hie higher finite rate of natural increase values for the populations on 
the fungus as opposed to those on the maple leaves indicate that the 
leaves were not as adequate as a food substrate. The more suitable 
substrate allowed the population a greater potential for growth. The 
values of finite rate of natural increase may be compared among other 
species of mites (Table IX). Caloolyphus berlesei has the highest value 
and a population of <Q. berlesei is capable of multiplying its number 
13.8557 times each week. In contrast A. pennsylvanicus has a lew value 
and can potentially multiply approximately 1.5 times each week. The 
species in Table IX are listed in increasing finite rate of natural 
increase values and may represent a continuum of r- vs. K-selected 
mites. Caloglyphus berlesei with a high rate of natural increase and
Table IX. Values of rate of natural increase and finite rate 
of increase for mites reared under different growth 
conditions (data based on weekly intervals, 25 C).
Mite Species
Algophagus pennsylvanicus
Naiadacarus arboricola 
(Fashing 1975B)
Tyrophagus castellani 
(Rivard 19 61)
Rhizoglyphus echinopus 
(Stepien 1970)
Carpoglyphis lactis 
(Chmielewski 1969)
Caloglyphus berlesei 
(Rodriguez and Stepien 1973)
Leaves 
Fusarium- 
Run 1 
Run 2 
Run 3
Green ash 
leaves
Aspergillus
rye germ
yeast
artificial
diet
m
0.0049
0.3164
0.4669
0.4289
0.6192
0.6958
1.0668
2.03
2.63 13
7v
0049
3722
5950
5356
8574
0053
9061
6141
8738
68
type III survivorship curve is r-selected; A. pennsylvanicus> on the 
other hand, with the low rate of increase and a type I - II survivorship 
curve is K-selected having a lew capacity for population increase. 
Other traits which characterize a K-selected species include a long 
life, late reproduction, lew fecundity and occupation of stable 
environments (Fashing 1976, 1979). In the period of 4 weeks a
7
population of 100 C. berlesei would increase to 3.6062 x 10 individuals 
whereas in the same time period a population of 100 A. pennsy lvani cus 
would increase to 506 individuals. Naiadacarus arbor i col a is also a 
K-selected mite species with a lew finite rate of increase although this 
value is somewhat higher than that belonging to A. pennsy lvani cus. A 
population of 100 N. arboricola would increase to 1190 mites in the 
interval of 4 weeks. Naiadacarus arboricola and A. pennsylvanicus may 
be categorized together as having relatively lew values (1.5 and 1.86 
respectively) in comparison to £. berlesei (13.86).
The lower intrinsic rate of increase for A. pennsylvanicus on
leaves may be due to the food substrate itself. The mites were limited,
especially in the leaf experiments, as to type of food source. The 
fungal growth was restricted to the type of spores on the dried leaves 
that could sporulate under the pre-soaking conditions and cultural 
conditions. In the laboratory there was little experimental variation 
with respect to fungus and temperature. Other fungi besides F. 
oxysporum could prove to be better nutritional sources, thus improving 
the potential for growth and reproduction and resulting in higher 
values. However, the natural food substrates for the mites in the
treeholes is leaf litter. In addition, populations of A.
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pennsylvanicus are relatively low in most treeholes, and thereforef 
field observations support the low capacity for population increase 
found in laboratory experiments.
The net reproductive rate (Ro) is the rate of multiplication in one 
generation. The net reproductive rate is lowest in the leaf experiment 
(Ro=1.0194) and approximately the same in two of the three fungal runs 
(Ro= 6.0288, 6.8639 vs. 4.0588, Table X). The mean generation time is 
the time elapsing between birth of a female parent and birth of 
offspring (assuming simultaneous production of all offspring). The 
generation time is about the same in all four experiments with a mean of 
29.08 (Table X). A population of A. pennsylvanicus reared at 25 
degrees centrigrade on P. oxysporum can increase itself approximately 
4.05 to 6.86 times in 29 days (vs. an increase of 1.02 times in this 
time period when the mites are raised on leaves). This may be compared 
to an increase of approximately 193 times in 14 days for the r-selected 
mite.
In conclusion, A. pennsy lvani cus may be categorized as a 
K-selected mite along with its treehole coinhabitant N. arboricola 
(Fashing 1979). Although the finite rate of increase and net 
reproduction values are higher for N. arboricola than for A. 
pennsylvanicus, both have values that are much lower in comparison to 
other mites. Both of these aquatic treehole mites occupy a position at 
the K end of the r-K continuum of reproductive strategies with lew 
reproductive potential, long life, low fecundity, occupation of stable 
habitats, and Type I survivorship curves.
Chapter 4: Description of immature instars of
Aloophaous pennsy lvani cus
Introduction
The family Algophagidae consists of two subfamilies, Algophaginae 
and Hericiinae. Members of the completely aquatic Algophaginae inhabit 
water-filled treeholes in northeastern United States (genus Algophagus# 
Fashing and Wiseman 1980), algal mats in rivers of western United States 
(genus Algophagopsis. Fain and Johnston 1975), and freshwater or 
brackish pools in the Subantarctic (genera Algophagus: Hughes 1955,
Fain 1974; and Neohyadesia: Hughes and Goodman 1969). The subfamily
Hericiinae includes the genera Hericia and Fusohericia which inhabit sap 
fluxes and the wet subcortical layers of trees (O*Connor 1982). Little 
is kncwn concerning the biology of any member of the Algophagidae. The 
present chapter describes the immature instars of Algophagus 
pennsylvanicus.
Materials and Methods
Stock cultures of A. pennsy lvani cus were started from samples of 
treehole water and leaf litter collected from water-filled treeholes in 
Cook Forest State Park, Cook County, Pennsylvania. Male and female
71
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pairs were selected fran the stock culturesr placed within a small
Syracuse watch glass and provided with a small piece of maple leaf (Acer 
species) or with fungal material (Fusarium oxysporum, Schlect. emend
Snyder and Hansen) as a food source. As offspring were produced,
immature instars were removed, cleared in Nesbitt's fluid (Krantz 1978) 
for one hour at 45 degrees, and slide mounted using Hoyer's medium 
(Krantz 1978). Observations and drawings were made using a Wild M20 
microscope. Measurements were taken on ten individuals of each immature 
instar and are given in micrometers (mean followed by the range in
parantheses).
Results
General Features of Immature Instars
The idiosoma is pear-shaped in all immature instars, a feature 
similar to the adult female. Each instar has an elevated sclerotized 
band running dorso-ventrally between Legs I and II as seen in adult 
mites. The vestigial sockets of seta ve (external ventricles) are
located on the lateral margin of the propodosomal shield. The adult,
tritonymph, and protonymph have four lyrifissure cupules (ia, in, ip, 
and ih), whereas the larva has only three (ia, in, and ih). All
immature instars as well as the adults have a pair of lateral
opithosomal glands between setae 12 and 13. The apodemes of Leg I are 
fused to form a Y-shaped sternum; the apodemes of Legs II, III, and IV 
are free.
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The gnathosoma has the general characteristics of typical 
sarcoptiform mouthparts, although modified for fungal grazing. The 
long, slender chelicerae are chelate with few teeth and the tips are 
hooked or curved inwards and serrated or rake-like (Fig. 2). The 
palpae have three segments.
Description of Tritonymphal Instars(Fig. 11)
The idiosomal length, as measured from the base of setae v.i. to 
the end of the idioscma, is 413 (376-436), and the width at the level of 
coxae III is 250 (202- 308). The dorsum bears 15 pairs of setae: vi 59
(49-70), see 134 (116-155), sci 18 (10-25), h 44 (34-51), sh 87
(77-107), 11 22 (13-29), 12 41 (35-49), 13 86 (63-105), 14 53 (30-70),
15 36 (20-50), dl 19 (12-27), d2 15 (4-29), d3 21 (8-27), d4 14 (8-20),
and d5 23 (7-39). The venter of the idioscma has eight pairs of setae: 
three pairs of coxals, cxl 38 (15-43), cx3 35 (25-42), and cx4 24
(20-35) ? two pairs of genitals gl 17 (14-20) and g2 26 (8- 35) ? and
three pairs of anals, a2 36 (29-34) (located next to the anus), a3 269 
(211-352) (located on the posterior margin of idiosoma), and a4 61 
(46-82) (located between 14 and a3 on the lateral margin of the
idioscma). The leg chaetotaxy and solenidiotaxy are similar to the 
adult female (Table XI).
Description of Protonymphal Instars (Fig. 12)
The idiosomal length is 274 (240-332) and the width is 166 (93-211) .
The dorsum bears 15 pairs of setae: vi 54 (44-62), see 125 (92-135),
sci 15 (19-22), h 39 (35- 41), sh 85 (71-89), 11 21 (15-28), 12 36
Figure 11. Algophagus pennsylvanicus. Tritonymph. Dorsal 
view. Ventral view.
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Figure 13• Algophagus pennsylvanicus. Larva. Dorsal 
view. Ventral view.
0.1
cx 1/
cx 3
Table XI. Chaetotaxy and solenidiotaxy for the developmental instars 
in Algophagus pennsylvanicus.*
Larva
(I-HI)
Chaeto taxy 
Protonymph 
(I-IV)
Tritonymph
(I-IV)
Tarsus 9-9-7 9-9-7-7 9-9-7-8
Tibia 2 - 2-1 2 - 2 - 1-0 2- 2 - 1-1
Genu 2 - 2-1 2- 2 - 1-0 2- 2 - 1-0
Femor 1-1-0 1- 1- 0-0 1- 1- 0-1
Trochanter 0-0-0 0- 0 - 0-0 1- 1- 1-0
Solenidio taxy
Tarsus
Larva
(I-III)
1+6  - 1-0
Protonymph
(I-IV)
2+ 6 - 1- 0-0
Tritonymph
(I-IV)
3+6 -1-0-0
Tibia 1-1-1 1-1-1-0 1- 1 - 1-1
Genu 2 - 1-1 2- 1 - 1-0 2 - 1 - 1-0
Adult
(I-IV)
9 - 9 - 7 - 8
2- 2- 1-1
2- 2 - 1-0
1-1-0-1
1- 1- 1-0
Adult
(I-IV)
3+6 -1-0-0
1-l-l-l
2 - 1- 1-0
*Sequence of numbers refers to the pattern and number of 
setae and solenidia on the legs I - III of the larva and 
legs I - IV of the protonymph, tritonymph and adult.
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Summary
The setae of the immature instars are similar in appearance to the 
adult female with the 1 series of setae being thinner and more 
threadlike than the stouter dorsal setae. The addition of the following 
idiosomal setae accompanies the molt from larva to protonymph: a2, a4f
14, 15, and d5. Setae cx4 and gl are added in the protonymph-tritonymph 
molt and g2 is added in the tritonymph-adult molt. Table XI summarizes 
the changes in leg chaetotaxy and solenidiotaxy from larva to adult. 
The chaetotaxy and solenidiotaxy of all instars is in agreement with 
that listed for astigmatid mites try Grandjean (1935) and Hughes (1961).
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